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CLOCK AND DATA RECOVERY CIRCUIT AND METHOD 

RELATED APPLICATIONS 

This application claims priority to Korean Patent Application No. 2002- 
49325, filed on August 20, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a clock and data recovery circuit and 

method capable of generating clock signals that are synchronized with received 
data. 

2. Description of the Related Art 

[0002] Universal Serial Bus (USB) is an interface standard for data transmission 

between a computer and its peripheral devices. For data communication 
between a computer and a peripheral device according to the USB interface 
standard, there are several requirements. For example, a computer and a 
peripheral device must have a USB transmission unit and a USB receiving unit 
therein, respectively. Also, a clock signal is not transmitted between the USB i 
transmission unit and the USB receiving unit. Instead, only Non-Return-to^ 
Zero (NRZ) or Non-Return-to-Zero-lnverted (NRZI) data is transmitted between 
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the USB transmission unit and tlie USB receiving unit. Accordingly, a clocl< 
signal is recovered in the U.SB receiving unit using the received data. 
[0003] Generally, the USB transmission unit and the USB receiving unit use the 

same clock signal, so the clock signal used by the USB transmission unit 
usually has the same frequency as the clock signal used by the USB receiving 
unit but has a different phase. Typically, the USB receiving unit has a clock 
and data recovery circuit for recovering the clock signal having the same 
frequency and phase as the clock signal used by the USB transmission unit, 
and generates a recovered clock signal that is synchronized with the received 
data. 

[0004] FIG. 1 illustrates an example of a clock and data recovery circuit, in 

accordance with the present invention. Referring to FIG. 1 , a conventional 
clock and data recovery circuit comprises a phase detector 10, a bi-directional 
shift register 12, a phase selector 14, a clock generator 16 and a multi-phase 
clock generator 18. 

[0005] The phase detector 10 generates a down signal DN when received data 

RDATA leads a recovered clock signal RCCK in phase, and generates an up 
signal UP wh^n the received dat^ lags the recovered clock signal RCCK in 
phase, after comparing the phases of the received data RDATA and the 
recovered clock signal RCCK. The bi-directional shift register 12 counts down 
in response to the down signal DN and counts up in response to the up signal 
UP, and generates a control isignal CON. The phase selector 14 selects one 
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clocksignal from a plurality of clock signals P1, P2, P3. , Pn output from 

the multi-phase clock generator 18, and outputs the selected clock signal as a 
recovered clock signal RCGK. The clock generator 16 generates a receiving 
clock signal RXCK. The multi-phase clock generator 18 receives the receiving 

clock signal RXCK, and generates n clock signals PI, P2, P3, ....... Pn which 

have the same frequency and different phases from each other by as much as 
360/N X K, wherein K is an integer between zero to N-1 . If, N is 8, 8 clock 
signals are generated from the multi-phase clock generator 1 8, and the 
generated clock signals have phase differences from each other by as much as 
45 degrees, so that the 8 clock signals have phases 0, 45, 90, 135, 180, 225, 
270 and 315 degrees, respectively. The receiving clock signal RXCK 
generated by the clock generator 1 6 has the same frequency as a clock signal 
which is used in the USB transmission unit (not shown), for transmitting the 

received data RDATA. 

■ ■/■.. ■ . ■ 

[0006] FIG. 2 is a timing diagram showing the operation of the clock and data 

recovery circuit shown in FIG. 1. 

[0007] First, the phase detector 1 0 compares the respective phases of the 

received data RDATA and the recovered clock signal RCCK. If an initial value 
of a control signal CON output from the bi-directional shift register is 1 and the 
phase selector 14 selects a clock signal CKO, the recovered clock signal RCCK 
is the clock signal CKO. Accordingly, at this time, the phase detector 1 0 

■ ' 3 
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generates an up signal UP because the received data lags the recovered clock 
signal in phase. Then, the bi-directional shift register 12 counts up and 
increments the value of the control signal to 2. The phase selector 14 
generates a clock signal CK45 as the recovered clock signal RCCK in response 
to the incremented control signal CON having the value 2. The phase detector 
10 again compares the phases of the received data RDATA and the recovered 
clock signal RCCK, and generates the up signal UP because the received data 
RDATA lags the recovered clock signal RCCK in phase. Then, the bi- 
directional shift register counts up and the value of the control signal CON 
increments to 3. Then, the phase selector 14 generates a clock signal CK90 
as the recovered clock signal in response to the control signal CON. The 
phase detector 10 compares the phases of the received data RDATA and the 
recovered clock signal RCCK, and generates a down signal DN because the 
received data RDATA leads the recovered clock signal RCCK in phase. Then, 
the bi-directional shift register 1 2 counts down and decrements the value of the 
control signal CON to be 2. > 

[0008] In the manner described above, the clock and data recovery circuit 

shown in FIG. 1 generates the recovered clock signal in synchronization with 
the received data, and the clock signal CK45 and the clock signal CK90 are 
alternately generated as the recovered clock signal RCCK. 

[0009] Accordingly, the clock and data recovery circuit in accordance with the 

conventional art is limited in that it does not generate the recovered clock signal 
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RCCK in precise synchronization with the received data RDATA. Also, the 
conventional art is limited in that it requires a maxinnum of N clock periods in 
order to generate the recovered clock signal RCCK in relative synchronization 
with the received data. 
[0010] If the N is set to a small number to synchronize the received data 

RDATA with the recovered clock signal RCCK within a short period, the phase 
difference between the received data RDATA and the recovered clock signal 
RCCK becomes greater even though the received data RDATA and the 
recovered clock signal RCCK are synchronized. 

SUMMARY OF THE INVENTION 

[001 1] It is a feature of the present invention to provide a clock and data 

reicovery circuit capable of generating a recovered clock signal precisely 

synchronized with received data. 
[001 2] It is another feature of the present invention to provide a clock and data 

recovery circuit capable of synchronizing a recovered clock signal with received 

data within one clock cycle. 
[001 3] It is further another feature of the present invention to provide a clock 

and data recovery method capable of achieving the features described above 

and other features. 

In accordance with one aspect of the presiBnt invention, there is 

provided a clock arid data recovery circuit comprising a clock signal generator 
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for generating a plurality of clock signals, each clock signal having a different 
phase with respect to the others. A phase selector selects one of the clock 
signals of the plurality of clock signals as a recovered clock signal if a first of the 
plurality of clock signals is in a first state and if a second of the plurality of clock 
signals is in a second state when a logic level transition of a received data is 
detected. A recovered data generator generates a recovered data that is 
synchronized with the recovered clock signal output from the phase selector, 
using the received data. 

The clock signals for example have a phase difference of 360/N x K 
from each other, wherein N denotes an integer and wherein K denotes an 
integer from 0 to N-1 . The phase selector generates an l+2th clock signal out 
of the N clock signals as the recovered clock signal, wherein the first of the 
plurality of clock signals is an Im clock signal and wherein the second of the 
plurality of clock signals is an 1+1 th clock signal, whereia I denotes an integer 
from 1 to N. 

The phase selector comprises, for example, N flip-flops for receiving the 
N clock signals and generating N clock signals and N complementary clock 
signals when a level transition of the received data is detected; N AND gates for 
performing AND operation of an Ith complementary clock signal and an 1+1 th 
clock signal out of the N clock signals and the N complementary clock signals; 
and N switches for generating the l+2th clock signal as the recovered clock 
signal in response to corresponding output signals of the N AND gates. 
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The recovered data generator receives the received data and generates 
the recovered data in response to the complementary signal of the recovered 
clock signal. 

In another aspect, the present invention is directed to a method for 
recovering clock and data information from a signal. A plurality of clock signals 
are generated, each clock signal having a different phase with respect to the 
others. One of the clock signals of the plurality of clock signals is selected as 
a recovered clock signal if a first of the plurality of clock signals is in a first state 
and if a second of the plurality of clock signals is in a second state when a logic . 
level transition of a received data is detected. A recovered data that is 
synchronized with the recovered clock signal is generated as an output from the 
phase selector, using the received data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above and other features and advantages of the present invention 

will become readily apparent to those of ordinary skill in the art by describing in 
detail preferred embodiments thereof with reference to the attached drawings in 
which: 

[0015] FIG. 1 is a block diagram of a clock and data recovery circuit, in 

accordance with the conventional approach; 
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[0016] Fl(3. 2 is a timing diagram showing the operation of the clock and data 

recovery circuit shown in FIG. 1; 
[0017] FIG. 3 is a block diagram of a clock and data recovery circuit in 

accordance with the present invention; 
[001 8] FIG. 4 is a circuit diagram of the clock and data recovery circuit shown in 

FIG. 3; and 

[0019] FIGs. 5A and 5B are timing diagrams showing the operation of the dock 

and data recovery circuit shown in FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0020] Korean Patent Application No. 2002-49325, filed on August 20, 2002 and 

entitled: "Clock and Data Recovery Circuit," is incorporated by reference herein 
in its entirety. 

[0021] Hereinafter, the present invention will be described in detail by describing 

preferred embodiments thereof with reference to the accompanying drawings. 
Like reference numerals refer to like elements throughout the drawings. 

[0022] FIG. 3 illustrates an embodiment of a clock and data recovery circuit in 

accordance with the present invention. 

[0023] Referring to FIG. 3, a clock and data recovery circuit in accordance with 

the present invention comprises a phase selector 20, a clock generator 22, a 
multi-phase clock generator 24, a D-flip-flop 26 and inverters II , 12. 
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[0024] The clock generator 22 and the multi-phase clock generator 24 operate 

in the same manner as the clock generator 16 and the multi-phase clock 
generator 18, respectively, shown in F!G, 1. 

[0025] The phase selector 20 selects one clock signal out of a plurality of clock 

signals PI , P2, • • Pn output from the multi-phase clock generator 24 in 

response to a received data RDATA and generates a clock signal SRCCK. 
The inverters 11,12 buffer the clock signal SRCCK output from the phase 
selector 20 and generate a recovered clock signal RCCK. The D-flip-flop 26 
receives the received data RDATA and generates a recovered data RRDATA 
synchronized with the recovered clock signal RCCK, in response to a signal 
output from the inverter II . 

[0026] FIG. 4 illustrates an exemplary embodiment of a circuit diagram of the 

phase selector shown in FIG. 3. Referring to FIG. 4, the phase selector 20 
comprises the D-flip-flops 30-1 to 30-8, AND gates AND1 to AND8 and 
switches SW1 to SW8. 

[0027] The phase selector shown in FIG. 4 receives eight (8) clock signals CKO, 

CK45, CK90, CK135, CK180, CK225, CK270 and CK315, for example 
corresponding to outputs P1 ... Pn of the multi-phase clock generator. 

[0028] The D-flip-flops 30-1 to 30-8 receive the clock signals CKO, CK45, CK90, 
CK1 35, CK1 80, GK225, CK270 and CK31 5 in response to rising edges of the 
received data RDATA. The AND gates AND1 and AN D2 perform an AND 
operation of respective output signals Q1 to Q8 of corresponding D-flip-flops 
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30-1 to 30-8 and respective complementary output signals Q8B, Q1B to Q7B of 
respective D-flip-flops 30-8, 30-1 to 30-7. In this manner, the D-flip-flops 30-1 
to 30-8 and the AND gates AND1 to AND8 detect a level transition of the clock 
signals from logic "low" level to logic "high" level of adjacent clock signals at 
rising edges of the received data RDATA, The switches SW1 to SW8 select 
one clock signal among the multiple clock signals CK45. CK90, CK135, CK180, 
CK225, CK270, CK315 and CKO. and generates the selected one clock signal 
as the clock signal SRCCK in response to the output signals of the AND gates 
AND1 to AND8, respectively. 

[0029] In the phase detector shown in FIG. 4, at the rising edges of the received 

data RDATA, if adjacent clock signals CKI (I is a natural number from 1 to N) 
and CK(I+1) have a logic "low" level and logic "high" level, respectively, a 
detection signal is generated and a clock signal CK(l+2) is generated as the 
selected clock signal SRCCK in response to the detection signal. The 
detection signal is the output signals of the AND gates AND1 to AND8. 

[0030] FIG. 5A and FIG, 5B illustrate timing diagrams that explain the operation 

of the clock and data recovery circuit in accordance with the present invention. 

[0031] First, the operation of the clock and data recovery circuit in accordance 

with the present invention will be described below with reference to FIG. 5A. 

[0032] The D-flip-flops 30-1 to 30-8 receive the clocks signals CKO, CK45, 

CK90, CK135, CK180, CK225, CK270 and CK315, respectively, and generate 
respective pairs of output signals (Q1 , Q1 B) to {Q8, Q8B). At this time, since 
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the clock signals CK225, Ck270 have a logic "low" level and a logic "high" level, 
respectively, complementary output signals Q6B, Q7 of the D-flip-flops 30-6, 
30-7 have logic "high" level. The AND gate AND7 therefore generates an 
output signal at a logic "high" level, and the other AND gates AND1-AND6, 
AND8 generate respective output signals of a logic "low" level. Accordingly, 
the switch SW7 is turned on and the clock signal CK315 is generated as the 
clock signal SRCCK. That is, the clock signal CK31 5 is generated as the 
recovered clock signal RCCK. Atthis time, the other switches SW1-SW6. 
SW8 are turned off. The D-flip-flop 26 receives the received data RDATA and 
generates the recovered data RRDATA precisely synchronized with the 
recovered clock signal RCCK in response to the clock signal SRCCK. 

[0033] Next, the operation of the clock and data recovery circuit in accordance 

with the present invention will be described below with reference to FIG. 5B. 

[0034] At a rising edge of the received data RDATA, since the clock signal 

CK180 has logic "low" level and the clock signal CK225 has logic "high" level, 
both of the complementary output signal Q5B of the D-flip-flop 30-5 and the 
output signal Q6 of the D-flip-flop 30-6 have logic "high" level. The AND gate 
AND6 generates a signal having logic "high" level, and the switch SW6 is turned 
on and the clock signal CK270 is generated as the clock signal SRCCK. That 
is, the clock signal SRCCK is generated as the recovered clock signal RCCK. 
The D-flip-flop 26 receives the received data RDATA and generates the 
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recovered data RRDATA precisely synchronized with the recovered clock signal 

RCCK in response to the inverted signal of the clock signal SRCCK. 
[0035] As illustrated above in the timing diagrams of FIGs. 5A and 5B, since the 

clock and data recovery circuit in accordance with the present invention 

generates the recovered data RRDATA using the recovered clock signal RCCK. 

it generates the recovered data RRDATA precisely synchronized with the 

recovered clock signal RCCK. 
[0036] Further, the clock and data recovery circuit in accordance with the 

present invention generates the recovered clock signal RCCK within one clock 

cycle. 

[0037] Accordingly, the clock and data recovery circuit in accordance with the 

present invention is advantageous for use in a USB receiving unit according to 
USB standard 2.0 in which the received data and the recovered clock signal 
must be synchronized within a short time period. 

[0038] While this invention has been particularly shown and described with 

references to preferred embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details may be made herein 
without departing from the spirit and scope of the invention as defined by the 
appended claims. 
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